Heterogeneous reaction of Py with HNO3
The substrates used in this study were coated with Py by liquid-solid adsorption at a ratio of ~1 nmol mg -1 . Py was heterogeneously reacted with gaseous HNO3 in a Pyrex cylindrical reaction vessel (6 cm ID × 18 cm height, ca. 500 mL) under ambient pressure at 298 ± 1 K and < 2% relative humidity in the dark. A portion of the Py-coated substrate (ca. 10 mg) was spread on a Pyrex petri dish (1.9 cm ID × 1.2 cm depth). The Petri dish was placed in the reactor and subsequently exposed to 2 ppmv HNO3/air which was supplied by passing pure air through a permeation tube (KIN-TEK, 2022) at a constant flow rate of 0.5 L min -1 . Prior to the reaction, the inside of the reaction system was continuously exposed to 2 ppmv HNO3 for 24 h in order to minimize the loss of the reactant gas onto the walls of the system during the experiment. Reaction products and the residual Py after the prescribed reaction time were extracted with dichloromethane as described below. The extracted chemicals were identified and quantified by GC/MS by comparing their retention times, fragmentation patterns, and peak areas with those of authentic standards.
Extraction of soluble organic fractions (SOF) from airborne particulate and laboratory experiment samples
The filter samples of ambient airborne particulates, onto which deuterated 1-nitropyrene and deuterated chrysene (1-NP-d9 and Chry-d12, respectively; internal standards) were added, were cut into fine pieces before extraction. SOF from the filter samples were extracted twice with 100 mL of dichloromethane under sonication for 20 min. The extract solution was filtered with a cellulose acetate filter to remove solid residue, followed by adding 100 L of dimethyl sulfoxide (DMSO) into the filtrate to avoid complete dryness of the solvent during the concentration steps. After concentration to ca. 5 mL and filtration with a 0.45 µm membrane filter, the samples were concentrated to ca. 100 µL under a nitrogen stream to leave DMSO, and then 400 µL of methanol was added. An aliquot of each of the sample solution was subjected to the quantification of PAHs and 1-NP by high-performance liquid chromatograph (HPLC) analysis.
The NO2 or HNO3 exposure experiment products and the remaining reactant after each reaction were extracted with 10 mL of dichloromethane under sonication for 20 min after adding 1-NP-d9 and deuterated pyrene (Py-d10) as internal standards. The extract solution was filtered with a 0.45 µm membrane filter, and then concentrated to ca. 1 mL under a nitrogen stream.
Instrumentation for chromatographic analyses
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An HPLC system with column-switching and chemiluminescence detection was employed for ambient particle-associated 1-NP quantification as reported previously. 1 Briefly, the system consists of four HPLC pumps, a 6-port switching valve, a clean up column (GL Sciences, Inertsil ODS-P, 3 
Supplementary Results
Estimation of fractional surface coverage of Py on ambient dust
It was reported that in Beijing, the surface area density of the atmospheric mineral dust was 6.3 × 10 -6 cm 2 cm -3 when the dust concentration was 61 μg m -3 . 3 Hence, the specific surface area of the atmospheric dust is calculated to be 10 m 2 g -1 . Using the calculated specific surface area and the mean concentration of the atmospheric dust observed on 20 March, 2010 in Beijing (247 μg m -3 ), the surface area density of the dust is estimated to have been 2.5 × 10 -5 cm 2 cm -3 when the dust storm hit Beijing.
Using the mean concentration of Py during 19 -21 March, 2010 (8.6 pmol m -3 ) and the effective cross-section of a Py molecule (~0.8 nm 2 ), the surface area density of Py molecules is calculated to have been 4.1 × 10 -8 cm 2 cm -3 . Assuming that all the molecules of Py that we determined were adsorbed on the dust particles, thus, the fractional surface coverage of Py on the dust particles is estimated to have been 1.7 × 10 -3 , i.e., the surface-adsorbed Py is believed to have formed a submonolayer on the dust particles.
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